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1
LOW TEMPERATURE POLY-SILICON THIN
FILM TRANSISTOR AND MANUFACTURING
METHOD THEREOF

FIELD OF THE INVENTION

The present disclosure relates to the technical field of the
production process of low temperature poly-silicon thin film
transistors, in particular to a low temperature poly-silicon thin
film transistor which possesses electrical characteristics and
reliability, and a method of manufacturing the thin film tran-
sistor.

BACKGROUND OF THE INVENTION

Liquid Crystal Display (LCD) is the most mature flat-panel
display technology at present. For example, mobile phones,
digital cameras, video cameras, notebook computers, and
monitors, which are commonly used in daily life, are all
manufactured by this technology.

However, as the application areas of new technologies
expand and people’s requirement for the visual appeal of the
display becomes higher, a flat-panel display with higher
image quality, high definition, high brightness, and low price
has become the direction and motivation for the development
of the upcoming display technology. A Low Temperature
Poly-silicon (LTPS) thin film transistor (TFT) in the flat-
panel display, apart from its active driving characteristic, is
exactly an important technical breakthrough to achieve the
above objectives.

Traditional LTPS TFT, as shown in FIG. 1, includes a glass
substrate 101 and a buffer layer 102 arranged on the glass
substrate 101. On the buffer layer 102, a poly-silicon layer is
formed, which comprises a source electrode arranged in a
source region 103, a drain electrode arranged in a drain region
104, and a gate insulating layer GI arranged on a channel
region 111. A gate electrode 108 and a passivation layer 109
are formed on the GI layer. The GI layer generally adopts a
two-layer composite structure comprising a dielectric layer
105 and a dielectric layer 107, which are generally made from
Si0, and SiN,.

However, the gate insulating layer formed by SiN_ and
Si0, suffers from poor surface contact performance and thin
film continuity, as well as undercuts when via holes are
formed thereon, which means that SiO, holes are greater than
SiN, holes due to a higher etching rate of SiO, than that of
SiN_, thus leading to poor contact performance.

Therefore, in order to solve the above-mentioned prob-
lems, it is a major subject of efforts in this industry to provide
a method for manufacturing a low temperature poly-silicon
thin film transistor which has relatively strong contact conti-
nuity, and can effectively reduce the parasitic capacitance and
thus improve the response rate of the transistor.

SUMMARY OF THE INVENTION

One of the technical problems to be solved by the present
disclosure is to provide a method for manufacturing a low
temperature poly-silicon thin film transistor which has rela-
tively strong contact continuity and can effectively reduce the
parasitic capacitance and then improve the response rate of
the transistor. In addition, the present disclosure further pro-
vides a low temperature poly-silicon thin film transistor.

(1) To solve the above-mentioned technical problems, the
present disclosure provides a method for manufacturing a low
temperature poly-silicon thin film transistor, including the
following steps: providing an insulating substrate; forming,
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on a buffer layer of the insulating substrate, at least one
poly-silicon layer, on the surface of which a source region, a
drain region, and a channel region of the low temperature
poly-silicon thin film transistor are arranged; conducting a
plasma enhanced chemical vapor deposition (PECVD) pro-
cedure for at least three times to form at least three dielectric
layers on the channel region successively, such that a com-
posite gate insulating layer is formed, wherein the compact-
ness of each dielectric layer increases in order of the forma-
tion sequence thereof in the manufacturing method; and
forming a gate electrode on the composite gate insulating
layer.

(2) In a preferred embodiment according to (1) of the
present disclosure, the composite gate insulating layer com-
prises a first dielectric layer, a second dielectric layer, and a
third dielectric layer, wherein the first dielectric layer is made
from SiO,, the second dielectric layer is made from SiON,
and the third dielectric layer is made from SiN.,.

(3) In a preferred embodiment according to (1) or (2) of the
present disclosure, the film thickness of the first dielectric
layer is greater than those of both the second and the third
dielectric layers.

(4) In a preferred embodiment according to any one of (1)
to (3) of the present disclosure, the thickness of SiO, film of
the first dielectric layer is in a range of from 1,000 to 1,500
angstroms, the thickness of SiON film of the second dielectric
layer is in a range of from 100 to 1,000 angstroms, and the
thickness of SiN_ film of'the third dielectric layer is in a range
of from 100 to 500 angstroms.

(5) In a preferred embodiment according to any one of (1)
to (4) of the present disclosure, the formation of the poly-
silicon layer includes the following steps: performing a sput-
tering procedure so as to form an amorphous silicon layer on
the surface of the insulating substrate, and performing an
annealing procedure so that the amorphous silicon layer re-
crystallizes and forms the poly-silicon layer, wherein the
annealing procedure includes an excimer laser annealing
operation.

(6) In a preferred embodiment according to any one of (1)
to (5) of the present disclosure, after the gate electrode is
formed, an ion implantation procedure using the gate elec-
trode as a mask is performed to form a source electrode and a
drain electrode in the source region and the drain region
respectively on the poly-silicon layer; and after the ion
implantation procedure, an activation procedure is performed
to activate dopants in both the source electrode and the drain
electrode.

(7) According to another aspect of the present disclosure, a
low temperature poly-silicon thin film transistor is further
provided, at least includes a gate insulating layer which is a
composite insulating layer comprising at least three dielectric
layers, wherein the compactness of each dielectric layer suc-
cessively increases in order of the formation sequence thereof
in the manufacturing process.

(8) In a preferred embodiment according to (7) of the
present disclosure, the gate insulating layer comprises a first
dielectric layer, a second dielectric layer, and a third dielectric
layer. The first dielectric layer is made from SiO,, the second
dielectric layer is made from SiON, and the third dielectric
layer is made from SiN..

(9) In a preferred embodiment according to (7) or (8) of the
present disclosure, the film thickness of the first dielectric
layer is greater than those of both the second and the third
dielectric layers.

(10) In a preferred embodiment according to any one of (7)
to (9) of the present disclosure, the thickness of SiO, film of
the first dielectric layer is in a range of from 1,000 to 1,500
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angstroms, the thickness of SiON film of the second dielectric
layer is in a range of from 100 to 1,000 angstroms, and the
thickness of SiN, film of the third dielectric layer is in a range
of from 100 to 500 angstroms.

Compared with the prior art, one or more examples of the
present disclosure enjoy the following advantages. Because
the relation between the compactness of each layer of the
composite insulating layer and that of the others thereof is
taken into account according to the present disclosure, each
layer in the composite insulating layer of the low temperature
poly-silicon thin film transistor obtained by the method
according to the present disclosure can have enhanced surface
contact characteristic and thin film continuity. The thickness
of each layer in the composite insulating layer is further
considered, so that the parasitic capacitance can be effectively
reduced, and thus the response rate of the transistor can be
improved.

Other features and advantages of the present disclosure
will be illustrated and partially become clear in the following
description, or will be understood through implementing the
present disclosure. The objectives and other advantages of the
present disclosure can be achieved and obtained based on the
structures specified in the description, claims, and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which constitute a part of the
description, are provided to further illustrate the present dis-
closure in conjunction with the examples. They should not be
construed as limitation to the present disclosure. In the
accompanying drawings:

FIG. 1 schematically shows a partial structure of a low
temperature poly-silicon thin film transistor in the prior art;

FIG. 2 schematically shows a workflow of a method for
manufacturing a low temperature poly-silicon thin film tran-
sistor according to an example of the present disclosure;

FIG. 3 schematically shows a partial structure of a low
temperature poly-silicon thin film transistor according to an
example of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

To make the objectives, technical solutions, and the advan-
tages of the present disclosure clearer, the present disclosure
will be further illustrated in detail below in conjunction with
the accompanying drawings.

FIG. 2 schematically shows a workflow of a method for
manufacturing a low temperature poly-silicon thin film tran-
sistor according to an example of the present disclosure. The
method for manufacturing the LTPS TFT will be illustrated
below referring to FIG. 2 and FIG. 3.

In Step S210, an insulating substrate 101 is provided, and
at least one poly-silicon (LTPS) layer is formed on a buffer
layer 102 of the insulating substrate 101. A source region 103,
adrain region 104, and a channel region 111 of the LTPS TFT
are arranged on the surface of the poly-silicon layer.

It should be noted that the insulating substrate 101 canbe a
glass substrate or a quartz substrate, and the buffer layer 102
is a Si0, layer formed on the insulating substrate 101 through
PECVD procedure.

In addition, the formation of the LTPS layer also includes
the following procedures: first, performing a sputtering pro-
cedure to form an amorphous silicon (a-Si) layer on the sur-
face of the insulating substrate 101, and then performing an
annealing procedure so that the a-Si layer re-crystallizes and
forms the poly-silicon layer. The above-mentioned annealing
procedure includes an excimer laser annealing operation.
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In Step S220, a first, a second, and a third PECVD proce-
dures are performed in sequence to successively final a first
dielectric layer 105, a second dielectric layer 106, and a third
dielectric layer 107 on the above-mentioned channel region
111. The three dielectric layers together form a composite
gate insulating (GI) layer, wherein the compactness of each
dielectric layer successively increases in order of the forma-
tion sequence thereof in the manufacturing process, namely,
the compactness of the first dielectric layer 105 is smaller than
that of'the second dielectric layer 106, and the compactness of
the second dielectric layer 106 is smaller than that of the third
dielectric layer 107.

Specifically, the first dielectric layer 105 is deposited on the
surface of the poly-silicon layer through the first PECVD
procedure, then the second dielectric layer 106 is deposited
on the first dielectric layer 105 through the second PECVD
procedure, and subsequently the third dielectric layer 107 is
deposited on the second dielectric layer 106 through the third
PECVD procedure.

It should be noted that the PECVD procedures of the GI
layer are continuously performed in one single wafer reactor.

Preferably, the first dielectric layer 105 of the composite GI
layer is made from SiO,, the second dielectric layer 106 is
made from SiON, and the third dielectric layer 107 is made
from SiN_. The SiO, in the first dielectric layer 105 of the
composite GI layer and the buffer layer 102 is used for
improving the interface characteristic of the LTPS, the SiN_ in
the third dielectric layer 107 of the composite GI layer is used
for blocking water vapor and metal ions, and the SiON in the
second dielectric layer 106 mainly functions to improve the
interface contact continuity between the first dielectric layer
105 and the third dielectric layer 107 (compactness:
SiN_>SiON>Si0,).

In this case, the composite gate insulating layer comprising
the above-mentioned three dielectric layers can not only
improve the contact characteristic between itself and the low
temperature poly-silicon layer and prevent water vapor and
metal ions from entering the interface and the interior of the
low temperature poly-silicon layer, but also enhance the sur-
face contact characteristic and thin film continuity.

It should be easily understood that this is merely an
example, and the composite insulating layer can include other
number of layers, such as four or five layers, that is, one
skilled in the art can provide four or five dielectric layers
through four or five times of PECVD. It is important to note
that the compactness of each layer of the composite insulating
layer successively increases in order of the formation
sequence thereof in the manufacturing process.

In addition, the film thickness of the first dielectric layer
105 is substantially greater than those of both the second
dielectric layer 106 and the third dielectric layer 107. Thus,
the parasitic capacitance can be effectively reduced. Prefer-
ably, the thickness of the SiO, film of the first dielectric layer
is about 1,000 to 1,500 angstroms, the thickness of the SION
film of the second dielectric layer is about 100 to 1,000
angstroms, and the thickness of the SiN, film of the third
dielectric layer is about 100 to 500 angstroms.

In Step S230, a gate electrode 108 is formed on the com-
posite GI layer.

It should be noted that the material for the above-men-
tioned gate electrode can be preferably selected from tung-
sten, chromium, aluminum, molybdenum, and copper.

In Step S240, an ion implantation procedure using the gate
electrode 108 as a mask is performed to form a source elec-
trode and a drain electrode in the source region 103 and the
drain region 104, respectively, on the above-mentioned poly-
silicon layer through via holes 110

In Step S250, an activation procedure is performed to acti-
vate dopants in both the source electrode and the drain elec-
trode.
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Finally, a PECVD procedure is performed again to form a
passivation layer, which can be made from SiO or SiN_.

In this case, based on the workflow of the method accord-
ing to the present disclosure, the structure of the low tempera-
ture poly-silicon thin film transistor as shown in FIG. 3 is
finally obtained.

In conclusion, because the relation between the compact-
ness of each layer of the composite insulating layer and that of
the others thereof is taken into account according to the
present disclosure, each layer in the composite insulating
layer of the low temperature poly-silicon thin film transistor
manufactured by the method according to the present disclo-
sure can have enhanced surface contact characteristic and thin
film continuity. The thickness of each layer in the composite
insulating layer is further considered, so that the parasitic
capacitance can be effectively reduced, and thus the response
rate of the transistor can be improved. Namely, by improving
the GI film forming quality, the electrical characteristic and
reliability of the low temperature poly-silicon thin film tran-
sistor can be improved.

The foregoing descriptions are merely preferred embodi-
ments of the present disclosure, which should not be con-
strued as limitation to the scope of the present disclosure. Any
changes or substitutions within the technical scope disclosed
in the present disclosure, which easily occur to any one
skilled in the art, should be contained in the scope of the
present disclosure. Accordingly, the scope of the present dis-
closure should be subjected to the claims.

The invention claimed is:

1. A method for manufacturing a low temperature poly-
silicon thin film transistor, including:

providing an insulating substrate;

forming, on a buffer layer of the insulating substrate, at

least one poly-silicon layer, on the surface of which a
source region, a drain region, and a channel region ofthe
low temperature poly-silicon thin film transistor are
arranged;

conducting a plasma enhanced chemical vapor deposition

(PECVD) procedure for at least three times to form at
least three dielectric layers on the channel region suc-
cessively, such that a composite gate insulating layer is
formed, wherein the compactness of each dielectric
layer increases in order of the formation sequence
thereof in the manufacturing method; and

forming a gate electrode on the composite gate insulat-

ing layer;
wherein:
the composite gate insulating layer comprises a first
dielectric layer, a second dielectric layer, and a third
dielectric layer, and the first dielectric layer is made
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from SiO,, the second dielectric layer is made from

SiON, and the third dielectric layer is made from

SiN,;

the film thickness of the first dielectric layer is greater than

those of both the second and the third dielectric layers;
and

wherein the thickness of SiO, film of the first dielectric
layer is in a range of from 1,000 to 1,500 angstroms, the
thickness of SION film of the second dielectric layer is in
a range of from 100 to 1,000 angstroms, and the thick-
ness of SiN_ film of the third dielectric layer is in a range
of from 100 to 500 angstroms.

2. The method according to claim 1, wherein the formation
of the poly-silicon layer comprises: performing a sputtering
procedure so as to form an amorphous silicon layer on the
surface of the insulating substrate, and performing an anneal-
ing procedure so that the amorphous silicon layer re-crystal-
lizes and forms the poly-silicon layer, wherein the annealing
procedure includes an excimer laser annealing operation.

3. The method according to claim 1, wherein after the gate
electrode is formed, an ion implantation procedure using the
gate electrode as a mask is performed to form a source elec-
trode and a drain electrode in the source region and the drain
region respectively on the poly-silicon layer, and after the ion
implantation procedure, an activation procedure is performed
to activate dopants in both the source electrode and the drain
electrode.

4. A low temperature poly-silicon thin film transistor, com-
prising:

a gate insulating layer which is a composite insulating
layer comprising at least three dielectric layers, a first
dielectric layer, a second dielectric layer, and a third
dielectric layer, and the first dielectric layer is made from
Si0,, the second dielectric layer is made from SiON,
and the third dielectric layer is made from SiN,,

wherein

the compactness of each dielectric layer successively
increases in order of the formation sequence thereof in
the manufacturing process;

the film thickness of the first dielectric layer is greater than
those of both the second and the third dielectric layers;
and

wherein the thickness of SiO, film of the first dielectric
layer is in a range of from 1,000 to 1.500 angstroms, the
thickness of SION film of the second dielectric layer is in
a range of from 100 to 1,000 angstroms, and the thick-
ness of SiN_ film of the third dielectric layer is in a range
of from 100 to 500 angstroms.
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